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ADVANCE RESTRICTED REPORT

EFFECT OF NORMAL PRESSURE ON THE CRITICAL COMPRESSIVE
AND SHEAR STRESS OF CURVED SHEET
By Normen Rafel and Cherles W. Sandlin, Jr.

SUMMARY

Results are presented of tests of two sets of 20
curved-sheet specimens to determine the effect of normal
pressure on the critical compressive eand shear stress of
curved sheet. It was found that normel pressure railsed
the criticsl compresslve and shear stress of curved sheet
except when outwerd bulging occurred 1n compression, in
which case the criticel stress was lowered by normal
pressure.

INTRODUCTION

In a pure cshell-type wing structure, fallure 1s
generally assoclated with buckling of the upper surface
due to combinations of compressive and shear loads. The
net outward-acting pressure on the upper surface tends to
delay buckling aend to increase the critical buckling stress.

Prelimlnary tests have been made of curved-sheet
specimens (references 1 smd 2) to determine the effect of
normal »ressur: on the critlcal compressive and shear
stress of curved sheet. 1In these tests, increases in
critical stress wilth increases in normal pressure were
so declded that a more complete investigation seemed
necesgsery. As a result, tests have been made of L0 curved-
sheet specimens in whlch combinstions of five dlfferent
radil of curvature and four different rib spacings were
used. One set of 20 specimens was tested to determine
the effect of normal pressure on the criticel compressive
gtress, and a similar set of 20 specimens was tested to
determine the effect of normal pressure on the critical
shear stress. 1t is the purpose of this report to present
the results of these tests.
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TEST SPECIMENS

The test specimens were constructed as shown in
figure 1. Nominal dimsnsions for all test speclimens ere
given in table I. The sheets and the spar chanmels that
form the sides of the closed box were made of 24S-T
galuminum s8lloy. The ribs were made of steel with the
flanges welded to the webs. As shown 1In filgure 1, the
end bays were made shorter than ths three center bays,
hereafter referred to as the test section, in order to
confine buckling to the test section.

The speclmens were so sealed thet the alr praessure
was confined to ths test sections. Alr fittlrgs were
provided in the channels at dlagonally onposlte corners
of the test section; and holss drilled through the two
center ribs ensured equal prassure in the three bays.

The pressure was measured by means of a mercury menomuter.
Resistence-type wire straln-ga-s rosettes wsre attached
in ths center bey of the specimen to sach side of one
sheet a8s shown in figure 1. Those gages wars used to
check for uniform loseding snd to dstect the formetlion of
buckles, which did not avpsar with a snap dlaphragm actlon.

METHOD CF TESTIYG

Compression Tests

A specimen placed 1n the testing machlne 1s shown
in figure 2. The testing machlne had en accursacy of

t% percent of load. The ends of the speclmen were

ground flst end persllsl to ensure uniform distribution
of load during the tests.

A small initiel axlal load was eopplled and readings
of e11 the gsges were taken. The axlial load wes then
incressed in steos until buckling occurred. After each
load ircrement had been applisd, readings of &ll the
gares were taken. So long as no buckling occurred,the
longitudinal cages indicated increasing comoressive
strain with ioad. When buckling begen, the strain on the
convex side of the buckle was rsduced by the tensile stress
incldent to bucklirg; the reading of the gage on this side,
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consequently, did not continue to increase uniformly with
load but reached a maximum and then started to decrease.
-.The load.corresponding-to-the maximum gage -reeding was
consldered the buckling load for all panels in which no
snep buckling occurred.

A simller procedure was then-used to test each
specimen with Internal elr pressure. The alr pressure
was admitted after readings were taeken at the initial
load. The pressure was then held constant and the axlal
load was Increased in steps until buckling occurred. The
tests were continued at several different higher pressures
with the highest permlissible pressure being determined
both by visual inspection of the amount of quilting emnd
by approximate commutations based on reference 3. The
highest permissible pressure 1s deflned as that pressure
which can be admitted without exceedirng the yleld stress
of the metsrial. When the highest permissible pressure
exceeded 6 psil, only pressures up to 6 psl were used.

Torsion Tests

The testing procedure for the torsion tests was
simllar to thet used in the compression tests with the
excentlon thet there was no inltial load on the specimen.,
Flgure % 1llustrates the mannar of losding a specimen in
torsion and shows the locatlions of the dlal gages used
to measure the amount of rotatilon. The steel plate to
which the specimen was fastened was connected to a
welghing system that measured torque and vortical load
with an accuracy of %1 percent. In testing, the only
load aepplied to the specimen was & pure torque.

RESULTS

The results of the tests are given in figures L to 8.
Figures 4 and 5 show the effects of R/t and rib spacing on
the critical stresses without normsal pressure, where R 1s
the radius of curvature of the sheet and t 1is the
thickness of the sheet. The critical compressive stress
was obtained by dividing the buckling load by the totsal
cross~-sectional area of the speclmen.

The critical compressive stresses lndlicated by points
with talls In figure ere stresses that correspond to the
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loeds at which the strein-geze readings reversed direction.
For the specimens with 6-inch rib speacing, the points with
talls represent tests in which the sheets bulged outward
in all bays. All other talled polnts represent tests in
which comblinatlons of lnward and outward buckling occurred
gradually. Points wlthout talls represent tests in which
snap dlaphregm buckling occurred.

The critical shear stress was obtained from the
Tformula

I
T T 2at
where
T shear stress, psl
T buckling torque, inch-pounds
A erea enclosed by medien line of shset end spars,

gquare inches
t thickness of sheet, Ilnches

The criticel sheer stresses Ilndicated by the tailed
polnts in figure 5 are stresses that correspond to the
strein-gage reversals associeted with gradual buckling.

The effect of normal prossure on the critical com-
pressive stress 1s shown in figurs 6. The spacimens with
e rib svacing of 6 inches end an R/t of 700 and 1000
show a decrease in critilcal compressive stress with
increasing normsl poressure. With these specimens no
Inwerd buckling occurred but, since the introduction of
pressure causdd the sheet to bulge out under the initial
compresslon load, the load at which the strain-gage
roadings reversed wes lowered. In specimens in which
snap disesphragm bucklling occurred, there was a pronounced
Increass 1n critical compressive stress with incrsasing
normal pressure. The rasults of the tests of the specimens
with an Infinlte radius do rot show any declsive trend and
In most ceses no buckling load could ba obtalned.

Tho effect of normal pressure on the criticael shear
stress 1s shown 1n figure 7. In sll ceses an increase in
normal pressure ceaused an increass in critlcal shear stress.
This rasult was independent of whether buckling occurred
slowly or with a snsp.
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The data of figures 6 and 7 show theat, in generasal,
the greater the R/t ratio, the greater the percentage
increase in critical compressive and shear stress with
increesing normal pressure.

Experimental rotation 1ls compared with theoretical
rotation for the torsion specimens at various R/t ratios,
rib spacings, and normsal pressures in figure 8. Theo-
retlcal rotetlon was obtalned from the formula

where

<) rotaetion, redians per 1nch of length

T me asured torque, Iinch-pounds

G sheer modulus (here taken as h.O X 106 psi)
J torsional-stiffness constant, 1nchesh

The data of figure 8 show that the torsional stiffness of
the speclimens before buckling ls slightly Increased by
increesing normel pressure. These slight lncreeses in
torsional stiffness might be explained, &t leaest In part,
by the fact that bulglng of the sheet resulting from
internal pressure obroduced an lncrease 1n the enclosed
erea of the speclmen. This effect 1s more cronounced in
the spacimens with a 2li-inch rib spacing thsan in the
specimons with a ©-inch rib spscing, es e¢videnced by the
tost results in figure 8.

CONCLUSIONS

The results of tests of ;0 specimens to determine
the effect of normal pressure on the crltlical compresslve
eand shear stress of curved sheet indicated the following
conclusions:

l. Normal praésurs appreclaebly ralsed the critical
compressive stress for curved sheat when inward snap
diesphragm buckling occurred.
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2. Normal pressure lowsred the criticsl compressive
stress for curved sheet when outward bulging occurred.

2. Normal pressure ralsed the critical shear stress
for curved end flat sheet regardless of whether buckles
formed slowly or with a snap.

i. The greater the ratio of rsdius of curvature to
thickness of the sheet, the gresaster the percentage Increase
in criticel compressive and shear stress with increasing
normel pressure.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronsutics
Lengley Fleld, Va.
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TABIE I
- . NOMINAL DIVENSTONS -OF TEST SPECIMENS

[Symbcls are defined in fig. 1.
All dimensions are given in inches.]

Specimen d a L R R/t
1, 2 3 25.5 25.6 1400
3, L 5 12 47.5 25.6 1,00
5, 6 5 18 65.5 25.6 oo
7, 8 5 2l 83.5 25.6 oo
9, 10 3 6 25.5 L4.8 700

11, 12 5 12 7.5 L.8 700
13, 14 5 18 65.5 L4.8 700
15, 16 5 2l 83.5 L).8 700
17, 18 3 6 25.5 6l.0 1000
19, 20 5 12 47.5 64.0 1000
21, 22 5 18 65.5 éL.0 1000
23, 2l 5 2l 83.5 6l;.0 1000
25, 26 3 6 25.5 76.9 1200
27, 28 5 12 L7.5 76.9 1200
29, 30 5 18 65.5 76.9 1200
31, 32 5 2l 83.5 76.9 1200
33, 3L 3 6 25.5 o m

35, 36 5 12 h7.5 ~ o

37, 38 5 18 65.5 ® ™

39, Lo 5 2L 83.5 » »

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 1.- Test specimen. (For dimensions not shown, see
table 1)
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Figure 3.-Test specimen in Torsion showing locations of dial gages.
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Figure 4.— Effect of R/t and rib spacing on critical compressive
stress withoul normal pressure.
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Figure &.- Shear siress -rolation curves for torsion specimens with various R/t ratios,
rib spacings,and normal pressures.
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